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TECHNICAL MEMORANDUM X-53536 

EFFECT OF MOLECULAR STRUCTURE ON PHYSICAL CHARACTERISTICS 
OF POLYARYLOXYSILANES AND RELATED COMPOUNDS 

By Mary H. Fowler 

George C .  Marshal l  Space F l i g h t  Center  
Hun t sv i l l e  , Alabama 

ABSTRACT 

I n  con t inu ing  s t u d i e s  of the thermal  s t a b i l i t y  of po lya ry loxys i l anes ,  
s e v e r a l  new monomeric compounds of t he  s t r u c t u r e ,  

were prepared i n  which R was der ived  from 4,4'bis(hydroxymethyl)diphenyl- 
e t h e r ,  and the  aromatic  d i o l s  of d iphenylsu l fone ,  d ipheny le the r ,  diphenyl-  
dime thylme thane,  diphenylme thane , benzophenone , and 1 , 2-bis  (p-phenyl)-  
1 ,2 -d ie thy le thy lene .  F r a c t i o n a l  d i s t i l l a t i o n  of t hese  compounds , followed 
by h y d r o l y s i s ,  provided a convenient  means f o r  p u r i f y i n g  the s t a r t i n g  
a romat ic  d i o l s .  The p u r i f i e d  d i o l s  were employed i n  r e a c t i o n s  wi th  
bis(ani1ino)diphenylsilane y i e l d i n g  d ipheny la ry loxys i l ane  polymers, 

which possessed r e l a t i v e l y  h igh  thermal r e s i s t a n c e .  
were a l s o  prepared from the  aromatic  d i o l s  4,4'-dihydroxyazobenzene and 
3,4-bi$(p-hydroxyphenyl)-2,4-hexadiene which were not  p u r i f i e d  by t h i s  
technique .  Each member of the  group r e t a i n e d  48 pe rcen t  o r  more of i t s  
o r i g i n a l  weight  on h e a t i n g  a t  4.1°C/min, i n  an atmosphere of n i t r o g e n ,  
t o  900°C.  The polymer con ta in ing  the  4.4' -diphenylmethane l inkage  r e t a i n e d  
90 pe rcen t  of  i t s  o r i g i n a l  weight on h e a t i n g  under s i m i l a r  c o n d i t i o n s  
t o  566"C, and compared favorably  i n  thermal r e s i s t a n c e  t o  the p rev ious ly  
r e p o r t e d  m a t e r i a l  con ta in ing  the 4 ,4 ' -d iphenyle ther  l i nkage .  These two 
p roduc t s  appear  t o  be comparable i n  thermal  s t a b i l i t y  t o  the polymer 
c o n t a i n i n g  the 4,4 ' -diphenylene l inkage  which has  the  h i g h e s t  thermal  
s t a b i l i t y  of the  m a t e r i a l s  s tud ied  p rev ious ly  i n  t h i s  po lyary loxys i lane  
s e r i e s .  

S imi l a r  polymers 
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TECHNICAL MEMORANDUM X-53536 

EFFECT OF MOLECULAR STRUCTURE ON PHYSICAL CHARACTERISTICS 
OF POLYARYLOXYSILANES AND RELATED COMPOUNDS 

SUMMARY 

A new group of monomeric compounds, conforming t o  the s t r u c t u r e  

h a s  been prepared by the  r e a c t i o n  of t r i m e t h y l c h l o r o s i l a n e  wi th  
4,4'-bis(hydroxymethy1)diphenylether and the a romat ic  d i o l s  of  
d iphenylsu l fone  , d ipheny le the r  , diphenyldime thylme thane , diphenylme thane , 
benzophenone and 1, 2-bis(p-phenyl)-ly2-diethy1etb.ylene. These compounds 
were c h a r a c t e r i z e d  by e l emen ta l ,  i n f r a r e d ,  and 'molecular  weight  ana lyses  
and then  hydrolyzed t o  y i e l d  the o r i g i n a l  d i o l s  i n  r e l a t i v e l y  pure form. 

The p u r i f i e d  d i o l s  were employed i n  r e a c t i a n s  w i t h  b i s ( a n i 1 i n o ) -  
d i p h e n y l s i l a n e  t o  y i e l d  a ry loxy  polymers, 

which possessed r e l a t i v e l y  h igh  thermal s t a b i l i t y .  The polymers were 
c h a r a c t e r i z e d  by e l emen ta l  a n a l y s i s ,  i n f r a r e d  spec t roscopy,  and, i n  
some cgses ,  by de te rmina t ion  of molecular weight .  The thermal  s t a b i l i t y  
of th'g m a t e r i a l s  was measured by use of "thermogravimetric" and 

" d i f f e r e n t i a l  scanning c a l o r i m e t r i c "  ana lyses .  A l l  of  the  polyaryloxy- 
s i l a n e s  e x h i b i t e d  a r e l a t i v e l y  h igh  degree of thermal  s t a b i l i t y  when 
compared wi th  the  h e a t  r e s i s t a n c e  of o rgan ic  polymers. The m a t e r i a l s  
c o n t a i n i n g  the  4,4 '-diphenylmethane-,  and 4 ,4 ' -d ipheny le the r - ,  l i nkages  
e x h i b i t e d  the  h i g h e s t  thermal  s t a b i l i t y  and were judged t o  be n e a r l y  
comparable i n  t h i s  p rope r ty  t o  polydiphenyldiphenyleneoxysilane, t he  
m a t e r i a l  r e f e r r e d  t o  as Polymer A which has  been found t o  posses s  the 
h i g h e s t  thermal  stahili ty among the p n l y ~ e r s  p rev icus ly  s tud icd  Ln t h t s  
po lya ry loxys i l ane  s e r i e s .  

INTRODUCTION 

Polymers c o n t a i n i n g  the  -S i -0-  l inkage  have been s u c c e s s f u l l y  used 
a s  c o a t i n g s ,  l u b r i c a n t s ,  and e las tomers  f o r  a number of yea r s .  Polyorgano- 
s i l o x a n e s  a r e  noted e s p e c i a l l y  f o r  high thermal  and o x i d a t i v e  s t a b i l i t y ,  



r e p e l l e n c y  of water ,  h igh  d i e l e c t r i c  s t r e n g t h ,  r e s i s t a n c e  t o  aqueous 
chemicals and c o r r o s i v e  gases ,  and unique rheo log ica l  cha---*--;-+:- L ac. ~c L IJ L LL S . 
The need f o r  improved polymers f o r  space a p p l i c a t i o n  prompted a r e s e a r c h  
program t o  develop a new s e r i e s  of polymers i n c o r p o r a t i n g  t h e  -S i -0-  
1 inka ge . 

I n  cont inuing  the  g e n e r a l  s t u d i e s  of  Curry and Byrd ( r e f .  1) on 
polyary loxys i lanes ,  a s e r i e s  of seven monomeric compounds o f  t he  
s t r u c t u r e ,  

(CH3) gS iOROS i (CH3) 

h a s  been prepared by the  r e a c t i o n  of  t r i m e t h y l c h l o r o s i l a n e  w i t h  v a r i o u s  
aromatic  d i o l s .  The products  a r e  of i n t e r e s t  because t h e i r  chemical 
s t r u c t u r e s  a r e  somewhat s i m i l a r  t o  those of t he  polyary loxys i lanes  
which possess  h igh  thermal s t a b i l i t y .  These monomeric o r  model compounds 
a r e  of f u r t h e r  i n t e r e s t  because they can be p u r i f i e d  by f r a c t i o n a l  
d i s t i l l a t i o n  a t  reduced p r e s s u r e  and then hydrolyzed t o  y i e l d  the  
o r i g i n a l  aromatic  d i o l s  i n  r e l a t i v e l y  pure form. I n  ex tending  the  
s p e c i f i c  s t u d i e s  of Curry and Byrd ( r e f .  1) on p o l y a r y l o x y s i l a n e s ,  
t hese  p u r i f i e d  d i o l s  were used i n  r e a c t i o n s  w i t h  b i s ( a n i 1 i n o ) d i p h e n y i -  
s i l a n e  t o  y i e l d  polymers of  the s t r u c t u r e ,  

where R i s  d e r i v e d  from an aromatic  d i o l  possess ing  a “br idging”  group, 
X, between two phenylene u n i t s ,  

Polymers were prepared from the  a romat ic  d i o l s  c o n t a i n i n g  -SO2-, -0-, 
-C(CH3)2-, -CH2-,  -C(C H ) :C(C2H5)-, -N=N-,  -CO-,and -C(:CHCH3)-C(:CHCH2)- 
a s  the br idging  groups.  The product ,  poly(diphenyldiphenyleneoxysilane), 

2 5  

n 

possessed the  h i g h e s t  thermal s t a b i l i t y  i n  t h e  s e r i e s  of p o l y a r y l o x y s i l a n e s  
descr ibed  by Curry and Byrd. The p r e s e n t  s t u d y  p r o v i d e s  t h e  o p p o r t u n i t y  
t o  observe t h e  thermal s t a b i l i t i e s  of  m a t e r i a l s  of  s i m i l a r  s t r u c t u r e  which 
c o n t a i n  var ious  groups between the  two phenylene u n i t s .  

2 



EXPERINENTAL RESULTS 

Monomeric Compounds 

The model compounds l i s t e d  i n  Table I were prepared by the  r e a c t i o n  
of t r i m e t h y l c h l o r o s i l a n e  wi th  t h e  aromatic  d i o l  i n  benzene s o l u t i o n  
wi th  p y r i d i n e  a s  the a c i d  accep to r ,  

2(CH3)3SiC1 + HOROH + 2 C5H5N * 
used wi thout  f u r t h e r  p u r i f i c a t i o n .  
d i e  t h y l s  t i l b e  s t r o l  (1 ,2  - b i  s - (p-hydroxypheny 1) - 1,2-d i e  thy  l e  thy  l ene  ) were 
obta ined  from K and K Labora to r i e s .  Bisphenol A and 4 ,4 ' -b i s (hydroxy-  
methy1)diphenylether  were obta ined  from Pow Chemical Company; 4 ,4 ' -  
su l fony ld ipheno l  and 4,4'-oxydiphenol from D i s t i l l a t i o n  Products  
D iv i s ion ,  Eastman Kodak Company, and 4,4'-dihydroxydiphenylmethane from 
Aldr ich  Chemicals. The t r i m e t h y l c h l o r o s i l a n e  was used a s  suppl ied  by 
Pen insu la r  ChemResearch, Incorpora ted .  I n  each r e a c t i o n ,  one mol- 
e q u i v a l e n t  of t he  d i o l ,  two mol-equiva len ts  of py r id ine  and benzene 
were placed i n  a round-bottom f l a s k  and a g i t a t e d  whi le  two mol-equiva len ts  
o f  the  s i l a n e  were added dropwise.  The r e a c t i o n  was exothermic.  I n  
s e v e r a l  c a s e s  the  r e a c t i o n  temperature was he ld  a t  50°C. I n  o t h e r s ,  
t he  temperature  was maintained by the r e f l u x i n g  benzene s o l u t i o n .  A t  
t h e  end of  the r e a c t i o n  per iod  of  t h ree  t o  s i x  hours  the  mixture  was 
cooled and the s o l i d  py r id ine  hydrochlor ide  was removed by f i l t r a t i o n .  
A f t e r  evapora t ion  of the major p a r t  o f  t he  benzene by h e a t i n g  t o  135°C 
a t  a tmospheric  p re s su re ,  the des i r ed  product  was obta ined  by d i s t i l l a t i o n  
a t  reduced p r e s s u r e .  

(CH3)3SiOROSi(CH3)3 + 2 C 5 ~ 5 ~ + ~ 1 -  

The o rgan ic  d i o l s  were obtained from commercial sources  and were 
4,4'-Dihydroxybenzophenone and 

The r e a c t i o n  cond i t ions  and the b o i l i n g  p o i n t s  of t he  products  a r e  
summarized i n  Table  I. The r e s u l t s  o f  e l emen ta l  ana lyses  and molecular  
weight  measurements a r e  presented  i n  Table 11. Compound I V  h a s  been 
desc r ibed  by Mar t in  ( r e f .  2 ) .  The o t h e r s  a r e  be l i eved  t o  be new t o  
t h e  l i t e r a t u r e  (compare r e f .  3 and 4 ) .  

I n f r a r e d  Spec t ra  of Monomeric Compounds.- The i n f r a r e d  s p e c t r a  of  
t h e  s e v e r a l  monomeric compounds a r e  p re sen ted  i n  FIG 1-7. Analyses 
of t he  s p e c t r a  by the  convent iona l  assignment of abso rp t ion  bands gave 
s t rong suppor t  f o r  che s t r u c t u r e s  of che m a t e r i a i s  shown i n  Tabie I. 

Polya ry loxys i l anes  

P u r i f i c a t i o n  of D io l s . -  While t h e  me l t ing  ranges of  the  
a romat i c  d i o l s  from commercial sources  were increased  on c r y s t a l l i z a t i o n  
from s o l v e n t ,  some c o l o r  remained i n  a f e w  of the m a t e r i a l s  even a f t e r  
r e p e a t e d  r e c r y s t a l l i z a t i o n s .  Martin ( r e f .  2)  found t h a t  4 ,4 ' -dihydroxy-  
diphenylmethane could be p u r i f i e d  by p r e p a r a t i o n  and f r a c t i o n a l  d i s t i l l a t i o n  
of t h e  b i s ( t r i m e t h y l s i l y 1 )  d e r i v a t i v e  (Compound IVY Table I),  followed 

3 



TABLE I.- PREPARATION AND PROPERTIES OF ARYLOXYSILANE MODEL COMWUNDS 

keaction F i e i d  O K  purr 
Cmpound Time Temp. Compound X 
b b e r  Structure Hra. 'C Physical Properties 

I CH" 0 

White crystalline (vaxy) n.P. 61.5-66°C 
B.P. 195-207°C (0.14 mu Hg) 
hydrolyzes rapidly 

5 50 51 

4.4' -Bis (trime thylsiloxy)diphenylaulfone 

a 3  CH3 

4,4' -Bin (trime thylsi1oxy)diphenyle ther 

4 50 82 White cryetalline, 8. P. 130'C 
(0.22 m HE) 

4-112 50 80 Clear, pale yellow liquid, 
B.P. 171'C (0.71 mn Hg) 

I11 

4,4'-Bis(trimethylsiloxy)diphenyliaopropane 

H 

3 80 78 Clear yellow oil, B.P. 157OC 
I V  

(0.4 m HE) 
CH3 H a 3  

4.4' -Bin (trime thylai1oxy)diphenylme thane 

a 3  H CH) 
V 

Clear. almost colorless liquid, 5 80 82 
H 3 c - ~ i - o - b ~ - O ~ b - O - I i - C H 3  I I  I I  B.P. 182°C (0.58 lrrm R d  

CH3 H a 3  

4.4'-Bia(trimethylsiloxymethyl)diphenylether 

a 3  0 y% 
6 81 69 Clear, bright yellow liquid, H 3 C - b i - O ~ - ! ~ - O - ~ i - C H 3  

B.P. 205.C (1.0 m Hg); viscous 

V I  

I 
CH3 CH3 

4,4' -Bin (trime thylsi1oxy)diphenylke tone 

6-112 81 85 Off-white waxy crystals, 
B.P. 200-203'C (1.6 Hg) 

? VI1 :2"5 

H3C-I~?O-0-' * ; ~0-~-7~-~~~ 
CH3 

CH3 '2% 

1,2- Ws (p-trime thylsiloxyphenyl) - 1,Z-die thyle thylene 

4 
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by hydro lys i s  and recovery of the  d i o l .  
i n  t h i s  s tudy.  

M a r t i n ' s  procedure was employed 

The b i s ( t r i m e t h y l s i l y 1 )  d e r i v a t i v e  of each d i o l  was hydrolyzed i n  
r e f l u x i n g  1:l methanol-water s o l u t i o n  f o r  a pe r iod ,  u s u a l l y  of s e v e r a l  
hours ,  u n t i l  the mixture  became cloudy.  The d i o l  c r y s t a l l i z e d  upon 
coo l ing  the mixture .  
of 4,4'-dihydroxydiphenylmethane. 
by one r e c r y s t a l l i z a t i o n  from i sopropy l  a l coho l .  
the d i o l s  a s  rece ived  from the commercial sources  and a f t e r  p u r i f i c a t i o n ,  
a r e  l i s t e d  i n  Table 111. 

The recovered d i o l s  were c o l o r l e s s  w i th  the  excep t ion  
The co lored  m a t e r i a l s  were removed 

The me l t ing  p o i n t s  of  

P repa ra t ion  of Bis(ani1ino)diphenylsilane.- The Curry and Byrd 
( re t .  1) modi f i ca t ion  of the  o r i g i n a i  Anderson proceduEe ( r e f .  5 )  f o r  
the p repa ra t ion  of t h i s  compound h a s  been f u r t h e r  a l t e r e d  by B a t t e l l e  
Memorial I n s t i t u t e  ( r e f .  6)  t o  inc lude  the  use  of Y - c o l l i d i n e  a s  the  
ac id  acceptor  , 

(C6H5)2SiC12 + 2 C H NH + 2 (CH3)3C5H2N 6 5  2 

The B a t t e l l e  mod i f i ca t ion  has  been employed i n  t h i s  s tudy .  

To a s t i r r e d  r e f l u x i n g  benzene s o l u t i o n  of two molar e q u i v a l e n t s  
each of  a n i l i n e  and Y - c o l l i d i n e ,  one molar e q u i v a l e n t  of d iphenyl -  
d i c h l o r o s i l a n e  (Dow Corning Corpora t ion)  was added dropwise.  The 
temperature of about  8 O o C  was maintained f o r  four  t o  s i x  hour s .  
mix ture  was c h i l l e d  ove rn igh t  and the  i n s o l u b l e  y - c o l l i d i n e  hydrochlor ide  
was removed by f i l t r a t i o n .  A f t e r  evapora t ion  of a l a r g e  p o r t i o n  of t h e  
benzene, the bis(ani1ino)diphenylsilane was p r e c i p i t a t e d  from the  benzene 
s o l u t i o n  by the a d d i t i o n  of an equa l  volume of  "SuperNaphtholite" (AMSCO 
So lven t s  and Chemical Company). A f t e r  a l lowing  the  mixture  t o  s t and  f o r  
s e v e r a l  hours the s o l i d  was sepa ra t ed ,  s l u r r i e d  wi th  co ld  chloroform,  
aga in  separa ted  from s o l v e n t  and d r i e d  under vacuum a t  100°C i n  a Rinco 
Evaporat ing Apparatus.  The product ,  i n  the  form of snow-white powdery 
c r y s t a l s ,  conta ined ,  a s  i n d i c a t e d  by gas  chromatographic  a n a l y s i s ,  a 
smal l  amount of a n i l i n e .  S ince  a n i l i n e  i s  t h e  by-product i n  the  poly-  
condensat ion r e a c t i o n  desc r ibed  below, i t  was n o t  cons idered  a d e t r i m e n t s 1  
impur i ty .  I n  c a r r y i n g  ou t  t he  polycondensa t ions  wi th  the  m a t e r i a l ,  t he  
s to ich iometry  was ad jus t ed  t o  account  f o r  t he  a n i l i n e  c o n t e n t .  

The 

P repa ra t ion  of Polvary loxys i1anes . -  The p u r i f i e d  d i o l s  l i s t e d  
i n  Table I11 were used i n  polycondensat ion r e a c t i o n s  w i t h  b i s ( a n i 1 i n o ) -  
d ipheny l s i l ane .  Two a d d i t i o n a l  d i o l s ,  4,4'-dihydroxyazobenzene from the  
K and K Labora to r i e s ,  Inco rpora t ed ,  and "Dienes t ro l"  (3 ,4-bis(p-hydroxy-  
phenyl)-2,4-hexadiene) from the  C i t y  Chemical Corpora t ion ,  d i d  n o t  r e a c t  
w i th  t r ime thy lch lo ros i l ane  and were r e c r y s t a l l i z e d  b e f o r e  they were used 
i n  the  polymerizat ion.  
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Equimolar q u a n t i  t i e  s of  b i s  (an i1 ino)d iphenyls  i l a n e  and the  aromatic  
d i o l  were mixed thoroughly i n  a t h i c k  w a l l  r e s i n  p o t .  The p o t ,  equipped 
w i t h  a n i t r o g e n  i n l e t ,  vacuum connect ion,  and s t i r r i n g  mechanism, was 
placed i n  an o i l  b a t h  a t  220°C. 
the  system u n t i l  the  mixture  was completely fused ;  then the  mixture  was 
s t i r r e d  and the  the p r e s s u r e  reduced t o  about  0 . 1  mm Hg. These c o n d i t i o n s ,  
w i t h  the temperature of t he  b a t h  he ld  between 220 and 260"C, were maintained 
f o r  about  6 hours .  The c o n d i t i o n s  of p r e p a r a t i o n  and some of t he  p r o p e r t i e s  
of  t he  products  a r e  summarized i n  Table IV. 

Gaseous n i t r o g e n  was passed through 

I n f r a r e d  Spec t ra  of Polymers.- The i n f r a r e d  s p e c t r a  of t h e  s e v e r a l  
polymers a re  reproduced i n  FIG 8-16. 

Except t h a t  the expected s t r o n g  carbonyl  a b s o r p t i o n  by Polymer VI 
d i d  n o t  occur ,  a n a l y s i s  of t h e  i n f r a r e d  s p e c t r a  of t he  s e v e r a l  polymers 
gave s t r o n g  suppor t  t o  t h e  s t r u c t u r e s  a s  l i s t e d  i n  Table I V .  

Molecular Weight of  Polymers.-  Benzene and 1 , 2 , 4 - t r i c h l o r o b e n z e n e  
were employed a s  the s o l v e n t s  i n  t h e  molecular  weight d e t e r m i n a t i o n s .  
The v a l u e s  of  t he  number average molecular  weight ,  I h ,  of t he  polymers 
l i s t e d  i n  Table V ,  a s  w e l l  a s  the monomeric compounds l i s t e d  i n  Table 11, 
were determined by use of  a ' 'vapor p r e s s u r e  osmometer," Mechrolab 
Incorporated Model 302. The v a l u e s  of t he  weight  average molecular  
weight ,  Rw, of the polymers l i s t e d  i n  Table V were measured by the  
B a t t e l l e  Memorial I n s t i t u t e  by g e l  permeation chromatographic a n a l y s i s  
c a l i b r a t e d  by l i g h t  s c a t t e r i n g .  While t h e  r e s u l t s  a r e  incomplete 
because of t h e  i n s o l u b i l i t y  of s e v e r a l  of  t he  polymers, i t  can be seen  
by comparison of  the p h y s i c a l  p r o p e r t i e s  i n  Table I V  w i t h  the  molecular  
weights  i n  Table V t h a t  t h e  tougher m a t e r i a l s  possessed the  h i g h e r  
molecular  weights .  

Thermal S t a b i l i t y  of  Polymers.- Thermogravimetric a n a l y s e s  (TGA) 
of the polymers (except  Polymer V) were made i n  a n i t r o g e n  atmosphere 
over  t h e  temperature range of 25-900"C a t  a h e a t i n g  r a t e  of 4.1°C/min 
u s i n g  TGA Instrument  Model T R O l  manufactured by S t a n t o n  Ins t ruments ,  
Ltd.  The va lues  of  the p e r c e n t  weight  loss ,  when t h e  polymers were 
hea ted  t o  9OO"C,  and the  temperatures  a t  which t h e  weight  loss  was 
10 percent  of  the o r i g i n a l  weight ,  l i s t e d  i n  Table  V, were taken from 
t h e  TGA curves presented  i n  FIG 17-25 i n  which the  approximate p e r c e n t  
weight  l o s s  is  p l o t t e d  a g a i n s t  temperature .  A l l  of t h e  polymers r e t a i n e d  
48 p e r c e n t  o r  more of  t h e i r  o r i g i n a l  weight  on h e a t i n g  t o  900°C. 
11, 111, and IV r e t a i n e d  90 p e r c e n t  o f  t h e i r  o r i g i n a l  weight  on h e a t i n g  
t o  520-568°C. 
be seen t h a t  the decomposition which f i r s t  became e v i d e n t  between 200 
and 450°C appears  t o  be e s s e n t i a l l y  complete a t  about  650°C. 
s e v e r a l  of t h e  polymers, t he  TGA curves  above 650°C a r e  r e l a t i v e l y  f l a t  
i n d i c a t i n g  t h a t  the decomposition h a s  r e s u l t e d  i n  the  format ion  of  some 
h i g h l y  s t a b l e  m a t e r i a l ,  p o s s i b l y  carbon o r  an o r g a n i c  s i l i c o n  r e s i d u e .  

Polymers 

Consider ing the s e v e r a l  TGA c u r v e s  c o l l e c t i v e l y  i t  w i l l  

For 
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TAB= I1I.- REACTION CONDITIONS B CHARACZRISTICS OF POLmERS 

F o l m r i r a t i o n  COPditims 
T h  T-rmtum 

I 

I1 

I11 

Iv 

V 

VI 

VI1 

VI11 

Ix 

6 

6 

6 

6 

6 

6-112 

6 

6 

6 

= .C Ahilitr t o  rooa Fib.rs Brit t lam*a ADD..I.IIO.. Soluhilitv 

240 

230 

230 

245 

225 

235 

230 

230 

235 

Fiber-forming; fibers B r i t t t  but o m -  hash -  S l w t l y  s o l n b t  chlorofolri 
f lmib le  hut weak. uhst s t q ;  e0lor.d insoluble b n r e m ,  TU?, 

I O f M .  a t  l48.C 1 . 2 , 4 - t r i c h l o r ~ r  

Solabla w, wnzam. Fiber-frmins; fibers U'm-bri t t t ;  Crwu 
f l m i b t  and strong chlorofolr, 1,2.4-trichloro- 

-M 
moftana a t  90% 

Fibcr-forming; fiber. B r i t t L ,  Clwdy, Soluble W. lmmwm. 
chloroforr, 1,2.4-tXichloro- 
-m 

ueak  of^ a t  85.C tan 

Fiber-forming; fibers U'm-br i t t t ;  Brom SOlublr W, beluene, 
chloroform, 1,2.4-trichloro- 
benum 

flexible and s t r q  soitma a t  87% 

F ibe r - fo l r iq ;  f ibers  Fhx ib le  rb.n C l d y  Soluhlr W, bnrem, 
m a k  warm; h r i t t t  y a l l a  chloroform, 1.2,4-trichloro- 

rban cold, hsem 
soften. a t  46% 

Fiber-fomiq;  fiber. Very b r i t t l e ;  Clsmr.  So lnb t  W, chlorofrm; 
weak and b r i t t t  ooftwta a t  1W.C bright s l i a t l y  solabla bsmmnm; 

orsnga inoolnbL 1.2.4-trichloro- 
b0lu.M 

Fiber-forpins; fiber. lion-brittle; Clear. pals Solubls W, beluao., 
otratg and fl-ihla softans a t  89.C plla chloroforr 

Not readily fiber- Zxtr-ly tough; Dark InmolnbL bencem. soluble 
forming; e l a s t o r r i c  .Of-nS a t  114.C brom W. chlorofrm, 1.2.4- 
ubm hot t r l h l o r o h u o .  

Uot fiber-forming; Toyghi #oftans 00ld.n Inmolubla 181, benzene. 
a l a s t m r i c  when hot a t  86 C pllar chlorofrm, 1,2,4- 

trichlorobenzens. tolncne 
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F i n a l l y ,  it can  be seen  i n  the  comparison of  FIG 20 and 21 t h a t  d i f f e r e n c e s  
i n  molecular  weight  had l i t t l e  e f f e c t  on the  thermal  s t a b i l i t y  of  Polymer I V .  

D i f f e r e n t i a l  Scanning Ca lo r ime t r i c  (DSC)of the  polymers were made 
by use  of a Perkin-Elmer Model DSC-1 ins t rument  a t  a h e a t i n g  r a t e  o f  
1O0C/min i n  an atmosphere of n i t rogen  over  the temperature  range of 
305-773°K. 
i n  FIG 26-32. For t h e  s e v e r a l  polymers, t h e  curves  a r e  smooth and 
approximately h o r i z o n t a l  showing no thermal  r e a c t i o n  u n t i l  the sample 
reached some h igh  temperature  a t  which t i m e  an exothermic process  took 
p l ace .  The v a l u e s  l i s t e d  i n  Table V under "T'C of Exotherm DSC" were 
s e l e c t e d  t o  r e p r e s e n t ,  approximately,  the  temperatures  a t  which the  
curves  showed maximum upward cu rva tu re .  A r a t i n g  of t h e  polymers based 
on the  DSC measurements aga in  p l aces  Polymers 111, I V Y  and I1 r e s p e c t i v e l y ,  
i n  h igh  p o s i t i o n s  and i n  a d d i t i o n ,  i n d i c a t e s  t h a t  Polymer I X  may be 
noteworthy. 

Graphs of t he  h e a t  change ve r sus  temperature  a r e  reproduced 

DISCUSSION 

Comparison of  the s t r u c t u r e s  of  Polymers I - I X  i n  Table I V Y  wi th  
the  weight  loss a t  900°C d a t a  i n  Table V ,  r e v e a l s  a rough c o r r e l a t i o n  
between the  molecular  weight  of the  b r i d g i n g  group between the  two 
phenylene u n i t s  and pe rcen t  loss i n  weight  s u f f e r e d  by the polymer on 
be ing  hea ted  t o  900°C. 
s t a b i l i t y  (lower weight  loss) than  might be expected on the  b a s i s  of  
such a c o r r e l a t i o n ,  poss ib ly  because of  the  presence of  unsa tu ra t ed  
l i nkages  i n  the  b r idg ing  groups.  

The Polymers V I 1  and I X  e x h i b i t  somewhat g r e a t e r  

CONCLUSIONS 

S e v e r a l  polymers having the  s t r u c t u r e  , 

where X i s  a b r i d g i n g  group, exh ib i t ed  r e l a t i v e l y  h igh  thermal s t a b i l i t y  
and war ran t  f u r t h e r  s tudy  f o r  space a p p l i c a t i o n s  a s  f i l m s ,  c o a t i n g s ,  
and p o s s i b l y  as f i b e r s .  The polymers i n  which the  b r i d g i n g  groups were 
-a2-, -0-, Polymers IVY 11, r e s p e c t i v e l y ,  were judged t o  show the  
h i g h e s t  thermal  s t a b i l i t y  of the  group. 
comparable i n  thermal  s t a b i l i t y  t o  the  m a t e r i a l  r e f e r r e d  t o  a s  Polymer A ,  

Polymers I V  and I1 were e s s e n t i a l l y  
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which con ta ins  no b r idg ing  group between the  two phenylene u n i t s ,  and 
which was found t o  possess  the h i g h e s t  thermal s t a b i l i t y  i n  n i t r o g e n  
atmosphere of the s e v e r a l  a ry loxys i l ane  polymers p rev ious ly  s t u d i e d .  
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SECTION A 

INFRARED SPECTRA OF MODEL COMPOUNDS AND POLYMERS 

14 



0 m ' -  
I -  

'rt 
c 

cy 
c 

0 
c 

% 33NVUIWSNV2ll 

A 

V 
Y 

8 
8 
U 

8 

I 
d rA 

H 

PP 

15 



W 
W 

A 
c s 
V v 

> 
V 
Z 
Lu 

5 
Lu w 
L L  

8 

4 
B 
! 

w 



0 

ul m 

cy 
cy 

w 
c 

cy 
c 

0 

Z 

n0 0 
N 

8 0 
I L  

H 
H 
H 

I 
I 

cr) 

S 
v-y-v S Y  &? 

0 

17 



cy 
cy 
00 
c 

0 
c 

m a  
Z 

V 
900 

h 
f 

Z 
Lu 
-J 
Lu > 

c 

L u v 

5 
Z 
Lw 

% 33NVUlWSNV2ll 

R 

4 
E 

I z-y-s 

H 

n 
n 

Ei 
d 



0 m 

cy 
cy 
00 
c 

w 
c 

cy 
c 

0 
c 

6- 
Z 
Lu 

% 33NVUIWSNVU 

h 
c s 
V v 

3 

i 1. E-?-E 

19 

m w c 



cy 
cy 
00 
c 

cy 
rr 

0 
c 

m a  
Z 

V 
900 

h 
i 

z 
Lu 

cy) 

h 
c 

iE 
V 
Y 

L 
Lu 

5 
Lu 
QL 
L 

c 

20 
% 33NVUIWSNVU 

H * c u 
PI 
0 

I 
t 

\o 

I 

0 

!2 E 
P 
8 
d 

1 
B 
cn 
H 



w 
c 

cy 
c 

0 
c 

% 33NVUIWSNVU 
c 

0 
0 w 

0 
0 
00 

0 
0 - 
c- 

h 
c 

> 
V 
7 

u, 

0 
0 
0 
cy 

0 
0 lo 
cy 

0 
0 
0 rn 

8 
v) 

H 
H 
3 

I 
h 

I 

O {  v - v  

0-0 
I 

21 

'd 



% 33NVUIWSNVU cr 

22 

H 

b 

I 
I 
00 

I o=yJ =o 

I 

4 
d 
W 



cy 
cy 
00 
c 

cy 
F 

0 
F 

7 

% 33NVUlWSNVU 

n 
c 

t, z 
Lu 
3 

LL 

M 
I4 

B 4 
0 
PI 

8 

I 
I 

0 9  

t; 

El 

0 
H 5 

1 W 

d 
PI 

23 



n 
c 

iE 
V v 

i 

24 

H 
H 
I4 

b 

81 I r t  cn 0 

E 



cy 
cy 
00 
c- 

w 

cy 

c 

c 

0 
c- 

Z 

V 
% 

h 
i s 

V u 

E 
0 

'I 
I 

d 

m-+ --P 

r.i i 

v % 33NVUIWSNVtll 
25 

n' 



c 

26 
% 33NVllIWSNVdl 

0 
? 

I s - v - s  



I -  

* 
cy 

c 

Y 

0 
c- 

mm 
Z 

V 
900 

h 
i 

z 
Lu 

* 

% 33NVUIWSNVdl 
c 

h 
c s 
V 
Y 

Lu 

E 

H 
3 

I I-- 

0 

0 I 

= 0  
I. 0 
0 4-01 ’ ’, 

27 

n 

- 
4 s 



0 
0 0 0 

Po- 

- 
28 

$6 33NVUIWSNVtll 



0 
u) 

cy 
cy 
00 
c 

9 

cy 

c 

c 

z 
Lu 

h 
c 

iE 
V 
Y 

W 
H c 

I 
1. 

2 

29 

n 

d 
d cn 



c 

30 
% 33NVUIWSNV2ll 

1 



SECTION B 

THERMOGRAVIMETRIC ANALYSIS OF SELECTED POLYMERS 

31 









V 
0 

35 

R 

8 

0 
hl 









V 
0 

I- s 
W a 

‘3V V ‘SSOl IH 334 39 





SECTION C 

DIFFERENTIAL SCANNING CALORIMETRIC ANALYSIS 

OF MODEL COMPOUNDS AND POLYMERS 

41 



I 

42 

O 



I 

43 



G 

I 
0 

-+ 
I 

11 
il 
I I  

I 
T 
i 

i 
i- 

I 
+ 

i 

i 
4- 

I 

1 
1- 
! 

- 
I 
I 

1- 

i 
I 

I 

I 

I 
i 

j 

I 
+ 
I 
! 

I 

.. 
I 

I 

i 

I 1 
I 

I 
i t 
I 1 

- 

i I 
i 
-3 

i 

i 
i 
i 
i 1 
i 
I 

T 
i 
i 

1 

1 

I 
'? 

1 

i 

I 
1 
I 

i 
1 I 

i 

j 

l 
A 

-I 

i 

i 
I 

i 
44 



a 
I I 

0 1 

0 
X-6-X 

t 

I I 

i I 
I 
I 

I 
c I '  

T 
i i  

- .  1 -  - . 

45 



C 
1 1 I 0 6 

x + x  

46 

i 

$ 

k 

I 



I 
0 0-4-0 

! I 

47 



e 
1 I 

Y P 

Y- ci' 

I I 
0 0 



REFERENCES 

1. Curry, J. E.; and Byrd, J. D.: Silane Polymers of Diols. 
J. Appl. Polymer Scl., vol. 9, no. 1, Jan. 1965, pp. 295-311. 

2 .  Martin, R. W.: Separation of Hydroxylated Aryl Compounds. 
u. S. Patent no. 2,804,480, Aug. 27, 1957. 

3 .  Kaufman, Herbert C.: Handbook of Organometallic Compounds. 
D. Van Nostrand Co., Inc., 1961. 
--/ / / /  / 4’ 4. Bazant, Vladimir; Chvalovsky, Vaclav; and Rathousky, J i t i :  

Organosilicon Compounds. vo l .  11. Academic Press- Inc. , 1965. 

5 .  Anderson, H. H.: J. Am. Chem. SOC., 73, 5802, 1951. 

6 .  Dunnavant, W. R.; Markle, R. A.; Chase, W. 0 . ;  Berry, D.A.; 
and Stickney, P. B.: Process Development and Pilot-Plant 
Production of Silane Polymers of Diols. 
Third and Fourth Quarterly Reports, June 15 through December 15, 
1965, Battelle Memorial Institute. 

Contract No. NAS8-11837, 

49 



November 14 ,  1966 APPROVAL NASA TM X- 53536 

EFFECT OF MOLECULAR STRUCTURE ON PHYSICAL CHARACTERISTICS 
OF POLYARYLOXYSILANES AND RELATED COMPOUNDS 

By Mary H. Fowler 

The information i n  t h i s  r e p o r t  has  been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  
Defense or  Atomic Energy Commission programs has  been made by the 
MSFC Secur i ty  C l a s s i f i c a t i o n  O f f i c e r .  This  r e p o r t ,  i n  i t s  e n t i r e t y ,  
has been determined t o  be u n c l a s s i f  l e d  - 

Review of any information concerning Department of 

This document has  a l s o  been reviewed and approved f o r  t echn ica l  
accuracy. 

g * a  k/ 
t e r i a l s  Branch 

Di rec to r ,  Propuls ion & Vehicle  Engineer ing Laboratory 

50 



DISTRIBUTION 

R- ASTR-D IR 
R-RP-DIR 
R-P&VE -DIR 
R-P&VE -DIR , 
R-P&VE-S 
R-P&VE -P 
R-P&VE -V 
R-P&VE-V 
R-P&VE -M 
R-P&VE-MN 
R-P&VE-ME 
R-P&VE-MM 
R-P&VE-MC 
R-P&VE-MNF 
R-P&VE -RT 
MS-IP 
MS-IL 
cc-P 
MS-H 
MS-T 
NASA Scientific and Technical 
P. 0. Box 33 
College Park, Maryland 20740 

Dr. Haeussermann 
Dr. Stuhlinger 
Dr. Lucas 
Mr. Palaoro 
Mr. Kroll 
Mr. Paul 
Mr. Aberg 
Mr. Schulze 
Mr. Kingsbury (5) 
Mr. Curry 
Mr. McKannan 
Mr. Cataldo 
Mr . Nunne lley 
Mr. Hofues 
Mr. Remer 
Miss Robertson (8) 
Mr. Reece 
Mr. Akens 

(25) 

(6) 
Information Facility (25) 

Mr. B. G. Achhamer, Code Rl&l 
Office of Advanced Research Technology 
National Aeronautics and Space Administration 
Washington, D.C. 20546 

Dr. Robert E. Burks 
Southern Research Institute 
2000-Ninth Avenue South 
Birmingham, Alabama 35205 

Mr. L. W. Breed 
Midwest Research Institute 
425 Volker Boulevard 
G c s a s  City, Mi.sSQ1jPi 64110 

Dr. William R. Dunnavant 
Bat te lle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43201 

51 


